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TECHNICAL MEMORANDUM X-73334 


COMPENDIUM OF METEOROLOGICAL DATA FOR THE 
TITAN INC LAUNCH IN DECEMBER 1973 

I. INTRODUCTION 


This report is a compendium of all the meteorological data collected as 
a function of the Marshall Space Flight Center (MSFC)/Langley Research 
Center (LaRC) /Kennedy Space Center (KSC) rocket exhaust effluent prediction 
and monitoring program for the Titan III C launch (AF-777) from launch pad 
40, Kennedy Space Center, at 1857 EST on December 13, 1973. The data pre- 
sented in this compendium were collected largely to support NASA/MSFC 
diffusion predictions for the deployment of NASA/LaRC monitoring sites. The 
joint solid rocket motor exhaust prediction (MSFC) and measurement (LaRC 
and KSC) program evolved in 1972 utilizing the Titan and Delta launches as a 
source for empirical information that can be employed to more accurately 
predict the environmental effects of planned Space Shuttle operations. 

These data are archived both as an aid in postlaunch analysis and 
because they represent a unique set of atmospheric soundings with high temporal 
resolution. Included in the report are the syiroptic charts, surface observations, 
rawinsonde soundings, and satellite imagery. There is no attempt to analyze 
any of the data. 


II. DATA 


The data are listed in Appendices A through D; page numbers for 
specific data are given in the Table of Contents. The dates, times, and sources 
of the data are listed in Table 1. 

The synoptic charts are from the series published weekly by the 
National Oceam graphic and Atmospheric Administration (NOAA). The surface 
data are from the Cape Canaveral Air Force Station (location shown as KSC 
meteorological station in Figure 1). 


* 


TABLE 1. METEOROLOGICAL DATA SUMMARY FOR TITAN III C 
(AF-777) LAUNCH ON 13 DECEMBER 1973 AT 1857 EST (2357Z) 


Data Type 

Date 

(Dec 1973) 

Time 

Source 

EST 

Relative^ 

Synoptic Charts'^ 

12 

0700 

T-35 hr 57 min 

NOAA 


13 

0700 

T-11 hr 57 min 

NOAA 


14 

0700 

T+12 hr 3 min 

NOAA 

Surface Observations 

13, 14 

0058 13 Dec 

T-17 hr 59 .'.in 

USAF 



to 

to 




2358 14 Dec 

T+29 hr 1 min 


Raw insonde 

13 

0015 

T-18 hr 42 min 

USAF 


13 

0457 

T- 14 hr 

USAF 


13 

0757 

T-11 hr 

USAF 


13 

1057 

T- 8 hr 

USAF 


13 

1357 

T- 5 hr 

USAF 


13 

1557 

T- 3 hr ! 

USAF 


13 

1901 

T+ 4 min 

USAF 


14 

0015 

T+ 5 hr 18 min 

USAF 


14 

0015 

T 11 hr 18 min 

USAF 


14 

1215 

T+17 hr 18 min 

USAF 

Satellite Imagery (IR) 

12 

2120 

T-21 hr 37 min 

NOAA 


^Relative to launch time; for example, 1859 EST = T +2 min. 

Charts for surface and 500 mb; also included are precipitation and maximum 
and minimum temperatures for the precedinR 24-hr period. 

° Location of the base station for upper air and surface observations is illustra- 
ted in Figure 1. 
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The rawlnsonde runs were made with an AMQ-9 radiosonde (Fig. 2) 
using the GMD-4 rather than the NOAA J005B radiosonde system. The tempera- 
ture and humidity sensor data are transmitted ten times per minute in the 
AMQ-9 by a clock-actuated switch rather than the aneroid barometer switch 
used in the NOAA radiosonde. Both systems measure azimuth and elevation 
with the directional receiver in the GMD. A transponder in the AMQ-9 is used 
to obtain the slant range to the radiosonde, enabling the calculation of altitude. 
The pressure is then calculated according to the hypsometric equation. The 
equations used in the computer program to calculate various thermodynamic 
quantities from the basic altitude, temperature, and relative humidity data are 
given in Appendix E. 

Since it is envisioned that use of the rawinsonde data will be restricted 
to studies of the stabilized Space Shuttle rocket booster cloud, an altitude limit 
of 6. 8 km (20 000 ft) was chosen; all data teyond that altitude are not included 
in this report. The excluded data are archived at MSFC .and are available. 

The data contained in this report cover a time period that is sufficient 
for most anticipated meteorological an,alyses. The chronology of the data 
relative to the time of launch is given in Figure 3, In most studies, data within 
1, 5 hours of launch time are sufficient. To facilitate retrieval of these data, 
an index is provided in Table 2 which gives the page number of data obtained 
within 1. 5 hours of launch. 


III. LAUNCH CONDITIONS 


At launch, the KSC meteorological st.ution reported scattered clouds, a 
visibility of 10 miles, and a surface wind from the south-southwest at 7 knots. 
The winds aloft, measured with a rawinsonde released at T 4 minutes, were 
from the southwest at altitudes up to 1. 83 km (OOOO ft). The exhaust cloud, 
which was observed to stabilize at an altitude of 1.4 km (4600 ft), had a 
trajectory which paralleled the observed wind direction. 
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TABLE 2. METEOROLOGICAL DATA OBTAINED WITHIN 1.5 HOURS 
OF T-0 (1857 EST, 13 DEC 1973) 


Time 

Data Type 

Page 

T- 59 min 

Surface Observation 

13 

T-0 

Surface Observation 

13 

T+ 4 min 

Raw insonde 

24 

T+1 hr 

Surface Observation 

13 


f 

f 
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APPENDIX A 

SYNOPTIC CHARTS 
( 1973 ) 
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APPENDIX B 

SURFACE OBSERVATIONS 
(KSC, 1973) 
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APPENDIX C 


RAW INSONDE DATA 
( 1973 ) 
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APPENDIX E 

CALCULATION OF THERMODYNAMIC VARIABLES 
FROM RAWINSONDE DATA 


The equations used for calculation of thermodynamic 
variables from measurements of altitude, temperature and 
relative humidity obtained from the GMD-4 , AMQ-9 rawinsonde 
system are summarized herein; these equations, originally 
developed for the GMD-2 system (Ref. l), must be used in 
conjunction with the list of symbols and units provided at 
the end of this appendix. 

Atmospheric Density, p 

p = 348.38 I 
^v 


Pressure, P 


P = p’io-(h-h’)/(221.266 
Geopotential Height, h 

h - IslL 

9.8 VII 

Virtual Temperature, T^ 

T^ = T(1 + .376932 e/p') 

Mean Virtual Temperature, T^^^^ 


T' + T 

V V 


vm 


Vapor Pressure, e 


e = 6.11 fjj 10 


7.5t/(t + 237.3) 


32 



V 


s I 


Dew Point Temperature, t^ 


t = 237.3 log e - 186.527 
^ 8.236 - log e 


Potential Temperature, 0 

288 


S = T 


Virtual Potential Temperature 0 


V V \ 


p / 

Absolute Humidity, p 


w 


= 216.7 i/p 


Microwave Refractive Index, n 

f77.6P-lle 


n = 1 + hs 


For data tabulation, use: 


(77.6P-lle . . 374808ej 1 ,^-6 




N = (n-l)lO 


Speed of Sound, 


V = 643.855 
s 


('—I 

\273.16y 
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LIST OF SYMBOLS AND UNITS 


vapor pressure 


millibars (mb) 


relative humidity expressed 
as a decimal 


acceleration of gravity at 
geographical location of the 
rawinsonde station 


meters/seconds 

2 

(m/sec ) 


geopotential height at the top feet (ft) 

of the layer bounded by h and h' 


geopoteniial height at the 
bottom of the layer bounded 
by h and h* 


(ft) 


geometric altitude at the top 
of the layer bounded by H and H' 

Geometric altitude at the 
bottom of the layer bounded 
by H and H' 


(ft) 


microwave refractive index 

unit of refractive index used for 
simnlif ication of data tabulation 


pressure at geopotential height h 


(mb) 


pressure at geopotential height h' (mb) 
radius of the earth (ft) 


temperature 


degrees Celsius (”C) 


temperature 

dew point temperature 


degrees Kelvin ( K) 
(°C) 


virtual temperature at 
geopotential height h 


(^’K) 


34 


Tv’ 

virtual temperature at geopotential 
height h' 

(°K) 

*^vm 

the mean virtual temperature of 
layer bounded by h and h' 

(°K) 

V 

s 

speed of sound 

knots 

P 

atmospheric density 

grams/meter 

(gm/m^) 

% 

absolute humidity 

(gm/m^) 

Q 

potential temperature 

(°K) 

®v 

virtual potential temperature 

(°K) 
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